Context. The Sagittarius B2 molecular cloud contains several sites forming high-mass stars. Sgr B2(N) is one of its main centers of activity. It hosts several compact and ultra-compact HII regions, as well as two known hot molecular cores (Sgr B2(N1) and Sgr B2(N2)) in the early stage of the high-mass star formation process, where complex organic molecules (COMs) are detected in the gas phase. Aims. Our goal is to use the high sensitivity of the Atacama Large Millimeter/submillimeter Array (ALMA) to characterize the hot core population in Sgr B2(N) and thereby shed a new light on the star formation process in this star-forming region. Methods. We use a complete 3 mm spectral line survey conducted with ALMA to search for faint hot cores in the Sgr B2(N) region. The chemical composition of the detected sources and the column densities are derived by modelling the whole spectra under the assumption of local thermodynamic equilibrium. Population diagrams are constructed to fit rotational temperatures. Integrated intensity maps are produced to derive the peak position and fit the size of each molecule's emission distribution. The kinematic structure of the hot cores is investigated by analyzing the line wing emission of typical outflow tracers. The H 2 column densities are computed from ALMA and SMA continuum emission maps. Results. We report the discovery of three new hot cores in Sgr B2(N) that we call Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5). The three sources are associated with class II methanol masers, well known tracers of high-mass star formation, and Sgr B2(N5) also with a UCHII region. Their H 2 column densities are found to be ∼16 up to 36 times lower than the one of the main hot core Sgr B2(N1). The spectra of these new hot cores have spectral line densities of 11 up to 31 emission lines per GHz above the 7σ level, assigned to 22-25 molecules plus 13-20 less abundant isotopologs. We derive rotational temperatures around 140-180 K for the three new hot cores and mean source sizes of 0.4 for Sgr B2(N3) and 1.0 for Sgr B2(N4) and Sgr B2(N5). The chemical composition of Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5) is very similar, but it differs from that of Sgr B2(N2). Finally, Sgr B2(N3) and Sgr B2(N5) show high velocity wing emission in typical outflow tracers, with a bipolar morphology in their integrated intensity maps suggesting the presence of an outflow, like in Sgr B2(N1). No sign of an outflow is found around Sgr B2(N2) and Sgr B2(N4). We derive statistical lifetimes of 4 × 10 4 yr for the class II methanol maser phase and 6 ×10 4 yr for the hot core phase in Sgr B2(N). Conclusions. The associations of the hot cores with class II methanol masers, outflows, and/or UCHII regions tentatively suggest the following age sequence: Sgr B2(N4), Sgr B2(N3), SgrB2(N5), Sgr B2(N1). The status of Sgr B2(N2) is unclear. It may contain two distinct sources, a UCHII region and a very young hot core.
Introduction
The Sagittarius B2 molecular cloud (Sgr B2 hereafter) is one of the most prominent regions forming high-mass stars in our Galaxy, with a mass of ∼10 7 M in a diameter of ∼40 pc (Lis & Goldsmith 1990) . It is located in the Central Molecular Zone, close to the Galactic center (∼100 pc from the central supermassive black hole Sgr A * in projection) and at a distance of 8.34 ± 0.16 kpc from the Sun (Reid et al. 2014) . The cloud contains several sites of on-going high-mass star formation. Its two major centers of activity are called Sgr B2(M)ain and Sgr B2(N)orth. They both host a cluster of (ultra)compact HII regions Gaume et al. 1995; De Pree et al. 1998 , 2015 as well as class II methanol masers (Caswell 1996) ; both phenomena provide strong evidence of on-going high-mass star formation. The high density of molecular lines and the continuum emission detected toward this region highlight the presence of a large amount of material to form new stars. Sgr B2(N) contains two dense and compact hot molecular cores, called Sgr B2(N1) and Sgr B2(N2) , separated by ∼5 in the North-South direction (corresponding to 0.2 pc in projection, Belloche et al. 2008; Qin et al. 2011) . They are both in the early stage of star formation when a high-mass protostar has already formed and started to warm up its circumstellar envelope, and is producing ionizing radiation that creates an ultracompact HII region around it. The earliest stages of the formation process of high-mass stars are still poorly understood since, first, the high dust content of high-mass protostellar cores makes observations at infrared and shorter wavelengths impossible and, second, because of the small angular sizes of these faraway regions. However, it is in these stages that many molecules are formed, directly in the gas phase or at the surface of dust grains. These molecules can readily be studied by their rotational spectrum and now, with the Atacama Large Millimeter/submillimeter Array (ALMA), at exquisite angular resolution and sensitivity. While the newly ignited protostar increases the temperature of its surroundings, the molecules frozen in the ice mantles of the Article number, page 1 of 25 arXiv:1703.09544v1 [astro-ph.GA] 28 Mar 2017 A&A proofs: manuscript no. Detection_hot_cores_SgrB2 dust grains are released in the gas phase, explaining the large number of molecules detected toward Sgr B2.
Over the past five decades, nearly 200 molecules have been discovered in the interstellar medium (ISM) or in circumstellar envelopes of evolved stars (see, e.g., http://www.astro.unikoeln.de/cdms/molecules). Among them, about 60 are composed of six atoms or more and are called Complex Organic Molecules (COMs) in the field of astrochemistry (Herbst & van Dishoeck 2009) . Most species have been discovered toward the warm and dense parts of star forming regions and many of the first detections of interstellar molecules at radio and (sub)millimeter wavelengths were made toward Sgr B2, such as acetic acid CH 3 COOH (Mehringer et al. 1997) , glycolaldehyde CH 2 (OH)CHO (Hollis et al. 2000) , acetamide CH 3 CONH 2 (Hollis et al. 2006) , and aminoacetonitrile NH 2 CH 2 CN ); see also the overview by Menten (2004) . Sgr B2(N) thus appears to be one of the best targets for studying COMs and searching for new molecules, and thus expanding our view of the chemical complexity of the ISM.
Through the investigation of the chemical composition of Sgr B2(N), we wish to characterize its hot core population to shed a new light on the star formation process in this region. To this aim we analyze a spectral line survey recently conducted with ALMA in its cycles 0 and 1 at high angular resolution. We take advantage of the high sensitivity of the EMoCA survey (standing for "Exploring Molecular Complexity with ALMA") to search for fainter hot cores in Sgr B2(N) in order to extend our view of the distribution of active star forming regions in this outstanding cloud. The article is structured as follows. The observations and method of analysis are presented in Sect. 2. The results are given in Sect. 3 and discussed in Sect. 4. Finally the conclusions are presented in Sect. 5.
Observations and method of analysis

Atacama Large Millimiter/submillimeter Array (ALMA)
The ALMA observations that provided the data used here target Sgr B2(N) with the phase center located half way between Sgr B2(N1) and Sgr B2(N2), at α J2000 = 17 h 47 m 19.87 s , δ J2000 = -28 o 22 16 . It is a complete spectral line survey between 84.1 GHz and 114.4 GHz, conducted at high angular resolution (∼1.6 ) and with a high sensitivity ∼3 mJy/beam per 488 kHz (1.7 to 1.3 km s −1 ) wide channel. The spectral line survey is divided into five spectral setups, each one delivering four spectral windows. Details about the different setups and the data reduction are presented in Belloche et al. (2016) . The size (HPBW) of the primary beam of the 12 m antennas varies between 69 at 84 GHz and 51 at 114 GHz (Remijan 2015) . Qin et al. (2011) observed the Sgr B2 region using the SMA in the compact and very extended configurations, reporting the first high-angular-resolution submillimeter continuum observations of this region. The continuum map used here was obtained at 342.883 GHz, with a synthesized beam of 0.4 × 0.24 and a position angle of 14.4 o . The map has been corrected for the primary beam attenuation. More details can be found in Qin et al. (2011) .
Submillimeter Array (SMA)
Radiative transfer modelling of the line survey
Given the high densities observed in the Sgr B2(N) region (Belloche et al. , 2014 Qin et al. 2011) , it is appropriate to work under the local thermodynamic equilibrium (LTE) approximation. We use Weeds (Maret et al. 2011) , which is part of the CLASS software 1 , to perform the line identification and modelling of the spectra, after correction for the primary beam attenuation. A synthetic spectrum is produced for each species solving the radiative transfer equation and taking into account the finite angular resolution of the interferometer, the line opacity, and line blending. Each molecule is modelled separately adjusting the following parameters: column density, rotational temperature, angular size of the emitting region (assumed to be Gaussian), velocity offset with respect to the systemic velocity of the source, and linewidth (FWHM). For each species, population diagrams are plotted to derive the rotational temperature and 2D Gaussians are fitted to integrated intensity maps to measure the size of the emitting region. The linewidth and velocity offset are derived from 1D-Gaussian fits to the lines detected in the spectra. All parameters are then adjusted manually until a good fit to the data is obtained. Finally, contributions from all species are added to obtain the complete synthetic spectrum. Through this modelling process, a line is assigned to a given molecule only if all lines from this molecule emitted in the frequency range of the survey are detected with the right intensity predicted by the model and if no line is missing in the observed spectrum. More information about the modelling procedure can be found in Belloche et al. (2016) . The spectroscopic predictions used to model the spectra are the same as in Belloche et al. (2016 Belloche et al. ( , 2017 , and Müller et al. (2016) . They originate mainly from the CDMS and JPL catalogs (Endres et al. 2016; Pearson et al. 2010 ).
Results
Detection of three new sources
The high sensitivity of our ALMA data set allows us to search for fainter hot cores in the vicinity of Sgr B2(N1) and Sgr B2(N2). To this aim, we counted the channels with continuum-subtracted flux densities above the 7σ level (1σ ∼3 mJy/beam) over the whole frequency range for each pixel in the field of view. In this count we excluded setup 3 which has the lowest angular resolution (HPBW > 2 , see Table 2 in Belloche et al. 2016 ) and we counted only once the channels located in frequency ranges overlapped by adjacent spectral windows. The analyzed ranges cover 47296 channels, i.e. 23.1 GHz. The result is presented in Fig. 1 as a contour map of the Sgr B2(N) region. On this map, the contours represent the number of channels with flux density above the 7σ threshold, i.e higher contours reflect the presence of more emission lines. The figure clearly shows the two main hot cores Sgr B2(N1) and Sgr B2(N2). It also reveals high spectral line densities toward three other positions, unveiling the presence of three new sources that we call Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5). The region inside the contour located South-East of Sgr B2(N5) shows emission lines only in setups 2 and 5 (4 spectral windows) with line intensities lower than toward Sgr B2(N5) but a line content that is very similar. We think this structure is a deconvolution artifact.
We fit 2D Gaussians to the channel count map with the GILDAS procedure GAUSS-2D in order to derive the peak position of the five sources. The results of the fits are listed in Table 1 and the position of the spectral line density peaks of each Fig. 1 . Contour map of the number of channels with continuumsubtracted flux density above the 7σ level (1σ ∼3 mJy/beam). The contour levels are: 500, 1000, 2000, 5000, 10000, 20000, 30000, and 40000. The blue crosses mark the peaks of spectral line density. Red crosses represent the 6.7 GHz class II methanol masers (Caswell 1996) . Green crosses represent the compact and ultra-compact HII regions (Gaume et al. 1995; De Pree et al. 2015) . The offsets are defined with respect to the phase center (see Sect. 2.1).
source is marked with a blue cross in Fig. 1 . These positions are adopted as reference positions of the hot cores. Known HII regions (Gaume et al. 1995; De Pree et al. 2015) and class II methanol masers (Caswell 1996) are shown in Fig. 1 as green and red crosses, respectively. The distance of each hot core to the closest UCHII region and the distance to the closest class II methanol maser are given in Table 1 . Sgr B2(N1), Sgr B2(N2), and Sgr B2(N5) are associated with UCHII regions. All the new hot cores, Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5) happen to be associated with class II methanol masers.
Continuum properties of the new sources
In order to calculate H 2 column densities from the dust thermal emission arising from the hot cores embedded in Sgr B2(N) we need to know the dust mass opacity coefficient κ ν , which depends on the dust emissivity exponent β. To derive these parameters we need observations at at least two frequencies. Here we use the ALMA and SMA data after processing them in the following way: the flux densities measured in the ALMA continuum maps need to be corrected for the contribution of the free-free emission and the SMA continuum map has to be smoothed to the ALMA resolution.
3.2.1. ALMA data: correction for free-free emission
We investigate 20 continuum maps obtained at different frequencies over the whole frequency range of the ALMA survey. As an example, Fig. 2 shows the continuum map obtained at 108 GHz with ALMA. Only four of the five hot cores embedded in Sgr B2(N) are detected above the 5σ level in this map. Over the whole frequency range, Sgr B2(N1) and Sgr B2(N2) show a strong continuum emission while Sgr B2(N4) and Sgr B2(N5) appear clearly weaker. Sgr B2(N3) is not detected at all; for this source we can only derive an upper limit to its H 2 column density from the measurement of the noise level in the maps. In this case, noise histograms are plotted from all pixels using the command GO NOISE of the GILDAS software to derive the rms noise level in each map. For the other hot cores we measure the peak flux density S beam ν (Jy/beam) by fitting a 2D-Gaussian to the continuum maps at different frequencies (using the GAUSS-2D task of the GILDAS software). The derived flux density is then corrected for the primary beam attenuation. We note that the compact continuum source detected to the North of Sgr B2(N2) corresponds to the UCHII region K4. It does not have a high spectral line density (see Fig. 1 ) and thus does not harbor a hot core.
The average peak position of the continuum emission associated to each hot core, derived from the 2D-Gaussian fit, is marked with a red cross in Fig. 2 . These positions are also given in Table 2 as well as the distances to the closest hot core and UCHII region. The offset between the continuum peak position and the hot core reference position is at most one fourth of the beam.
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(a) Equatorial offsets of the spectral line density peak with respect to the phase center (see Sect. 2.1). The uncertainties in parentheses come from the 2D-Gaussian fit to the contour map. They are only statistical.
(b) Same position given in J2000 Equatorial coordinates.
(c) Number of channels with continuum-subtracted flux densities above 7σ.
(d) Estimation of the spectral line density above 7σ (excluding setup 3) assuming mean linewidths of ∼7 km s −1 for Sgr B2(N1) and ∼5 km s −1 for the others hot cores (see Sect. 3.7 and Belloche et al. 2016) . (e) Distance between the hot core and the closest class II methanol maser or UCHII region. The uncertainties given in parentheses are calculated based on the errors given by the Gaussian fits. In the case of the methanol masers, they also take into account the uncertainty on the maser positions (0.4 ) given by Caswell (1996) .
(f) Deconvolved angular size of the UCHII region (De Pree et al. 2015; Gaume et al. 1995) . (a) Equatorial offsets of the continuum peak with respect to the phase center (see Sect. 2.1). The uncertainties in parentheses represent the standard deviation weighted by the errors given by the 2D-Gaussian fit.
(c) Average deconvolved angular size of the continuum source derived from 2D-Gaussian fits to the ALMA continuum maps. The uncertainty given in parentheses corresponds to the standard deviation.
(d) Distance between the continuum peak position and the position of the closest hot core derived from Fig. 1 . The uncertainty given in parentheses is calculated based on the errors given by the 2D-Gaussian fits.
(e) Distance between the continuum peak position and the peak position of the closest UCHII region (Gaume et al. 1995; De Pree et al. 2015) . The uncertainty given in parentheses is calculated based on the errors given by the 2D-Gaussian fit.
Usually (sub)millimeter continuum emission observed toward Sgr B2(N) is attributed to thermal emission from interstellar dust (Kuan & Snyder 1996) , while at wavelength ≥ 1 cm the continuum emission is dominated by free-free emission arising from HII regions. However in the ALMA frequency range considered in this paper, the free-free emission may significantly contribute to the 3 mm flux densities. Figure 2 shows that Sgr B2(N1), Sgr B2(N2), and Sgr B2(N5) are associated with UCHII regions. Furthermore the overall shape of the extended continuum emission detected with ALMA around Sgr B2(N1) and Sgr B2(N2) is similar to the shape of the 1.3 cm free-free emission reported by Gaume et al. (1995) . The peak flux densities measured at 3 mm toward the hot cores need thus to be corrected for the contribution of the free-free emission. Details about this analysis are presented in Appendix A. The fraction of free-free emission estimated toward Sgr B2(N1) varies between ∼17% at 85 GHz and ∼9% at 114 GHz. The free-free contribution is higher toward Sgr B2(N2), from ∼75% at 85 GHz, down to ∼32% at 113.5 GHz, and it varies between 40% and 60% toward Sgr B2(N5). The flux densities measured in the 20 ALMA continuum maps and corrected for the free-free contribution are presented in Tables B.1-B.5. We do not make any correction for Sgr B2(N3) and Sgr B2(N4) because they are not associated with any known UCHII region.
SMA data: smoothing to the ALMA resolution
We use the SMA map obtained by Qin et al. (2011) to derive the dust emissivity index β in a joint ALMA/SMA analysis. To this aim we first need to smooth the SMA map to the ALMA resolution. We use the task GAUSS-SMOOTH of the GILDAS software. Figure 3 shows as an example the SMA map smoothed to the same resolution as the ALMA map shown in Fig. 2 . We proceed in the same way to smooth the SMA map to the 20 different angular resolutions corresponding to the five ALMA setups (20 spectral windows, 4 per setup; see Belloche et al. 2016 , for details about the angular resolution). Figure 3 shows that only the two main hot cores Sgr B2(N1) and Sgr B2(N2) are detected in the SMA map. To derive peak flux densities toward these two sources we fit 2D Gaussians to the smoothed maps. For the other hot cores that are not detected, we measure in each map the noise level inside the polygons plotted in red in Fig. 3 . Each square has a dimension of 6 and an area of about twice the beam size is excluded in the middle. The flux densities or rms derived from the 20 maps are listed in Tables B.1-B.5. At 343 GHz, the contribution of the free-free emission to the flux density is lower than 0.1% and can safely be ignored (Qin et al. 2011) .
SMA data: original resolution
To derive H 2 column densities from the SMA map at its original resolution (∼0.3 ), we measure the peak flux densities to- ward Sgr B2(N1) and Sgr B2(N2) with 2D-Gaussian fits to the map. For the fainter hot cores Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5) not detected in the SMA map, we measure the average noise level inside a polygon of 6 2 excluding an area of about twice the beam size in the middle.
H 2 column densities
We assume a dust temperature T d ∼ T gas ∼150 K (see Sect. 3.6) . Neglecting the cosmic microwave background temperature, the radiative transfer equation can be written as follows:
with Ω beam = π 4 ln 2 × HPBW max × HPBW min the solid angle of the synthesized beam, B ν (T d ) the Planck function at the dust temperature, and τ the dust opacity. S beam ν is the peak flux density measured in the continuum maps in Jy/beam. S beam ν is corrected for the primary beam attenuation and, in the case of the ALMA data, for the free-free contribution.
From this equation we can calculate the dust opacity as follows:
The results of the opacity calculations for both the ALMA and SMA data are summarized in 
with µ H 2 = 2.8 the mean molecular weight per hydrogen molecule (Kauffmann et al. 2008) , m H the mass of atomic hydrogen, and κ ν the dust mass opacity (in cm 2 g −1 ) given by the power law:
. Then β is given by:
which only depends on the peak flux density measured on the continuum maps, the beam solid angle, the Planck function, and the frequency. We perform the calculations using the flux densities measured toward Sgr B2(N1) and Sgr B2(N2) in the ALMA maps and in the SMA maps smoothed to the ALMA resolution, excluding setup 3 (low angular resolution). We obtain β = 0.8±0.1 and β = 1.2±0.1 for Sgr B2(N1) and Sgr B2(N2), respectively. As mentioned above, the continuum emission detected with SMA toward Sgr B2(N1) is very optically thick. Even if the emission in the SMA map smoothed to the ALMA resolution should be less optically thick and our analysis does not assume optically thin emission, it is likely that the value derived for β toward Sgr B2(N1) is underestimated due to these high opacities. It could also be that we have underestimated the contribution of free-free emission toward Sgr B2(N1) at the ALMA frequencies. Therefore, we consider the value obtained toward Sgr B2(N2) as more reliable, and we adopt β = 1.2 for all sources. Such a flat index suggests a dust opacity spectrum intermediate between the models of dust grains without ice mantles and those with thin ice mantles of Ossenkopf & Henning (1994, see their Fig. 5 ). We adopt a dust mass absorption coefficient κ 0 = 1.6 cm 2 g −1 (of dust) at λ 0 = 1.3 mm which is intermediate between these models. With this normalization, we obtain a methanol abundance of ∼ 2 × 10 −5 relative to H 2 for Sgr B2(N2) (see Sect. 3.8), consistent with the peak gas-phase abundance of methanol predicted by our chemical models (Garrod et al. 2009; Müller et al. 2016) . A higher value of κ 0 would imply lower H 2 column densities and, in turn, higher methanol abundances that would not be realistic anymore.
From Eqs. 1 and 3 we can now calculate the H 2 column density for each hot core using the following equation: Figure 4 shows the results of the H 2 column density calculations at T d = 150 K, from both the SMA and ALMA data as a function of ALMA frequency. The figure shows that Sgr B2(N4) is not systematically detected over the whole frequency range of the ALMA survey. All upper limits correspond to 5 times the noise level. All the results are also listed in Tables B.1-B.5. One should keep in mind that the beam is slightly different as a function of frequency, especially in the frequency range covered by setup 3 which has the lowest angular resolution (HPBW > 2 ). We thus calculate the average peak H 2 column density of each hot core from both the SMA (smoothed to the ALMA resolution) and ALMA data excluding setup 3. Table 4 summarizes the results obtained from the ALMA data before and after correction for the free-free contribution and for the SMA data after and before smoothing to the ALMA resolution. This table shows that the H 2 column densities of Sgr B2(N2), Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5) are, respectively, 8, >36, 28, and 16 times lower than the one of the main hot core Sgr B2(N1). Within the uncertainties, the column densities or upper limits obtained from the ALMA data for the faint hot cores Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5) are consistent with the upper limits derived from the SMA smoothed maps. given by the GAUSS-2D routine and take into account the uncertainty on the correction for the free-free emission. The triangles represent 5σ upper limits. The dashed line in each panel is the average H 2 column density (or upper limit) excluding setup 3. and on the correction factor for the free-free emission.
(a) H 2 column densities calculated based on the ALMA data after correction for the primary beam attenuation, for a mean synthesized beam size of ∼1.6 .
(b) ALMA dust is in addition corrected for the free-free contribution.
(c) H 2 column densities calculated based on the SMA map smoothed to the ALMA resolution (∼1.6 ).
(d) H 2 column densities calculated based on the SMA map at its original resolution (∼0.3 ) .
(*) The dust emission toward Sgr B2(N1) being optically thick we cannot derive its H 2 column density.
Line identification
Table 1 clearly shows that the spectral line density is much lower toward Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5) than for Sgr B2(N1) and Sgr B2(N2), reducing considerably the oc- N3 714  31  23  20  19  9  N4 249  11  22  13  9  11  N5 508  22  25  16  12  7 Notes.
(a) Total number of emission lines detected above the 7σ level (rms ∼3 mJy/beam) excluding setup 3.
(b) Line density above 7σ, excluding setup 3.
(c) Number of identified molecules, less abundant isotopologs, and vibrationally excited states.
(d) Fraction of remaining unidentified lines above 7σ.
curence of line blending. This is also illustrated in Fig. 5 where a portion of the ALMA spectrum of each hot core is shown. We use Weeds as described in Sect. 2.3 to perform the line identification and model the spectra observed toward the three new hot cores in order to derive their chemical composition. Table 5 shows the total number of emission lines detected above the 7σ level, counted manually toward the peak position of each hot core, excluding setup 3. It also summarises the number of species identified so far and the fraction of remaining unidentified lines above 7σ (U-lines hereafter). The line density derived here is somewhat lower than reported in Table 1 . In Table 1 , we divided the number of channels derived from Fig. 1 by the typical FWHM of an emission line. This was a rough estimate because a faint line may have only a single channel emitting above the 7σ threshold while a strong line will have more channels above 7σ than the number of channels covered by its FWHM. This suggests that Sgr B2(N1) and Sgr B2(N2) probably contain less emission lines than indicated in Table 1 .
Table 5 also shows that Sgr B2(N4) has a low spectral line density compared to the other hot cores although roughly the same number of molecules were identified. This difference can be explain by the low number of less abundant isotopologs and vibrationally excited states detected in Sgr B2(N4) compared to Sgr B2(N3) and Sgr B2(N5).
Spatial distribution of the molecules
In order to get information about the spatial structure of the three new hot cores, we investigate for each identified molecule the integrated intensity maps produced from its vibrationnal ground state transitions that are well detected and free of contamination from other species. The position of the emission peak of each spectral line is derived from a 2D-Gaussian fit to its map using the GAUSS-2D task of the GILDAS software. Figure 6 shows the spatial distribution of the molecules identified so far toward Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5). Each cross represents the mean peak position of a given species. Figure 6a shows that almost all species identified toward Sgr B2(N3) peak within a distance of ∼0.3 from the reference position of the hot core. Only SO, CH 3 CCH, and HC 3 N peak beyond 0.5 SouthWest of this position. In the case of Sgr B2(N4) (Fig. 6b ) and Sgr B2(N5) (Fig. 6c ), all molecules peak within distances of about 0.6 and 0.4 from the hot core position, respectively. For both Sgr B2(N4) and Sgr B2(N5), HC 3 N in its vibrational ground state shows broad lines contaminated by other species. For this reason we used transitions in its first vibrationally excited state, 7 = 1. They peak close to the reference position of each hot core, in particular toward Sgr B2(N3) for which the emission peak of the vibrational ground state transitions is offset to the South-West by ∼0.6 .
Size of the hot cores
For each hot core we select the transitions that are well reproduced by the model, are not severely contaminated by other species, and have a high signal-to-noise ratio (typically ≥ 8 up to ∼99) to fit 2D Gaussians to their integrated intensity maps and derive their emission size.
It is difficult to constrain the size of Sgr B2(N3) because the emission is unresolved for most species. Only four transitions of OCS and C 2 H 5 CN show spatially resolved emission. The first row of Fig. 7 shows their integrated intensity maps. The result of the Gaussian fit is displayed in blue and the red ellipse shows the deconvolved emission size. The middle row of Fig. 7 shows the maps of four transitions for which the emission of Sgr B2(N4) is resolved. In total for this source, 12 transitions from seven distinct species show resolved emission with a strong signalto-noise ratio (≥8 up to ∼16). Finally the bottom row of Fig. 7 shows four maps produced for Sgr B2(N5). In total for this hot core, 22 transitions from six distinct species show resolved emission with a signal-to-noise ratio from ∼10 to 99. We decided to focus only on species showing compact emission, for this reason we did not take into account the transitions of CH 3 CCH detected toward Sgr B2(N5), also spatially resolved but showing extended emission, with a deconvolved size of ∼3.6 , around the position of the hot core. Table 7 gives the results of the Gaussian fits to the integrated intensity maps of the lines discussed above that show resolved emission. These results are also plotted in Figs. C.1, C.2, and C.3 for Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5), respectively. For each transition, the deconvolved major and minor diameters of the emission (θ maj and θ min ), given in columns 10 and 11 of Table 7 , allow us to calculate the average deconvolved size of the emitting region ( θ ma j × θ min ). The results are given in column 13 of Table 7 . The mean deconvolved size of each hot core is derived from these values. We obtain sizes of 0.4±0.1 for Sgr B2(N3), 1.0±0.3 for Sgr B2(N4), and 1.0±0.4 for Sgr B2(N5). Table 7 . Results of elliptical 2D-Gaussian fits to the integrated intensity maps of the transitions with resolved emission.
Source Molecule Transition
Freq. Signal-to-noise ratio. The line is a group of transitions from the same molecule blended together.
(**) The A and E labels mark the two substates of the ground torsional level of methyl formate.
Article number, page 8 of 25 Fig. 5 . Part of the continuum-subtracted ALMA spectra observed toward the hot cores embedded in Sgr B2(N). The spectra have been corrected for the primary beam attenuation, and shifted along the y axis for display purposes. The spectra of Sgr B2(N1) and Sgr B2(N2) have been divided by 10 and 6, respectively. The frequency axis corresponds to the systemic velocities derived in Sect. 3.7. 
Rotational temperature
Population diagrams are plotted based on transitions that are well detected and not severely contaminated by lines from other species to derive rotational temperatures. We use the following equation (Snyder et al. 2005) to compute ordinate values (upper level column density divided by statistical weight, N u /g u ), assuming optically thin emission in first approximation:
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We present here the results of this analysis for ethanol and methyl formate, two species that have many well detected lines spread over a large energy range (see Table 11 ). To derive the rotational temperature of CH 3 OCHO, we use both its ground and first vibrationally excited states, modelled with the same parameters (N mol , T rot , source size, v off , ∆v). Only the ground state transitions are used for ethanol. Figures 8a,c, 9a ,c, and 10a,c show the population diagrams of both species for Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5), respectively. In Figs. 8b,d, 9b,d , and 10b,d we applied to both the observed and synthetic populations the opacity correction factor C τ = τ 1−e −τ (see Goldsmith & Langer 1999; Snyder et al. 2005 ) using the opacities of our radiative transfer model. In all cases the opacity correction only slightly affects the population diagram (see values of τ max in column 5 of Table 8 ). Since a transition can be partially contaminated by other species, we also subtracted from the measured integrated intensities the contribution of contaminating molecules using our model that includes all species identified so far. The synthetic and observed points are closer to each other after this correction, however the synthetic data points are globally below the observed ones. This can be explained by our modelling procedure in which we try to not overestimate the observed peak flux density of each spectral line. The modelled spectrum can then well reproduce the observed spectrum in terms of peak flux density, but it will not necessarily exactly fit the whole line profile because we use a single linewidth to model all detected lines. In addition one has to keep in mind that even after removing the contamination from other species, the measured integrated intensities can still be affected by residual contamination from U-lines.
The synthetic data points are not affected by contamination from other species and should be strictly aligned. The residual dispersion of the synthetic data points seen in Figs. 8b,d, 9b, The black points are computed using the integrated intensities of the observed spectrum while the red points are computed using the integrated intensities of our synthetic model. The error bars on the observed data points are 1σ uncertainties on N u /g u . No correction is applied in panels a and c, while in panels b and d the optical depth correction has been applied to both the observed and synthetic populations and the contamination from all other species included in the full LTE model has been removed from the observed data points. The blue line is the weighted linear fit to the observed populations.
ing the line as much as possible and limiting the contamination from other species emitting at nearby frequencies in the observed spectrum.
After correction for the opacity and contamination from other species, the observed data points are roughly aligned and can be fitted by a single straight line, meaning one single temperature component. The blue line in Figs. 8b, d, 9b, d, and 10b, d shows the weighted linear fit to the observed data points. According to Eq. 7 and considering the LTE approximation, the inverse of the slope gives us the kinetic temperature of the hot cores. The results are presented in Table 8 and show that all hot cores have temperatures around 140 K, also consistent with the kinetic temperature of Sgr B2(N2) Belloche et al. 2016) .
For all the species emitting numerous lines spread over a broad energy range, we use the same method to plot population 
Kinematic structure of the hot cores
We derived the systemic velocity of the faint hot cores embedded in Sgr B2(N) by fitting 1D Gaussians to numerous well detected transitions over the whole spectrum. We obtained a velocity of 74 km s −1 for Sgr B2(N3), 64 km s −1 for Sgr B2(N4), and 60 km s −1 for Sgr B2(N5). Sgr B2(N3) and Sgr B2(N4) have the same velocity as Sgr B2(N2) and Sgr B2(N1), respectively.
These fits also give information on the typical linewidth of each species. The three hot cores have a median linewidth of about 5.0 km s −1 , ranging from 4.0 to 7.7 km s −1 for Sgr B2(N3), from 3.5 to 5.5 km s −1 for Sgr B2(N4), and from 3.5 to 6.8 km s −1 for Sgr B2(N5) (see Table 11 ). The spectra observed toward the three new hot cores show some broader lines with wing emission at high velocities which could suggest the presence of outflows. Investigating these molecular outflows can provide information on the evolutionary stage during the star formation process. To assess the presence of outflows and characterize their properties, we investigate spectral lines from molecules known as typical tracers of outflows. Figure 11 presents the spectra of some of these lines detected toward Sgr B2(N3) and Sgr B2(N5). All of them show broad wing emission at blue-and red-shifted velocities compared to the systemic velocity of the source. The top row of Fig. 11 shows two transitions of SO and the OCS(8-7) transition observed toward Sgr B2(N3). The blue wing of the latter appears narrower because its boundaries have been defined in order to avoid contamination from another species (see green spectrum in Fig. 11 ). The bottom row of Fig. 11 presents the CS(2-1) transition and three transitions of SO observed toward Sgr B2(N5). The SO transition with the lowest upper energy level, SO(2 3 -1 2 ), shows a deep absorption profile and strong broad wings in emission, like the CS(2-1) transition. For all lines, the wing boundaries are chosen to avoid contamination from the line core emission predicted by the LTE model (magenta spectrum in Fig. 11 ) and contamination from other species (green spectrum in Fig. 11 ). The velocity ranges used to integrate the blue-and red-shifted emission are summarized in columns 6 and 7 of Table 9 .
The integrated intensity maps of blue-and red-shifted emission are presented in Fig. 12 for each line along with the map of the line core, or the continuum emission when the line core is in absorption. All maps show a bipolar morphology for both Sgr B2(N3) and Sgr B2(N5) with distinct blue and red lobes, shifted compared to the line core, which could suggest the presence of an outflow. The top row of Fig. 12 shows the integrated intensity maps of the SO lines observed toward Sgr B2(N3). Both maps are similar, showing the peak position of the blue wing clearly shifted North-East of the line core, while the red one is slightly shifted to the South. The map produced for the OCS(8-7) transition confirms the North-South velocity gradient observed in the SO maps. The bottom row of Fig. 12 presents the maps of the line wings observed toward Sgr B2(N5). The maps of the SO(2 3 -1 2 ) and CS(2-1) transitions, with the line core seen in absorption, show a clear bipolar structure oriented NE-SW. The other two transitions of SO exhibit a different morphology, with the red lobe shifted East of the continuum emission. The reason for this behaviour is unclear but we note that the velocities over which the red-shifted wing emission is integrated are smaller than the ones used for SO(2 3 -1 2 ) and CS(2-1) (see Table 9 ).
For each transtion the distance r between the peak positions of the blue-and red-shifted outflow lobes and the hot core reference positions are given in Table 9 . In columns 8 and 9 we calculated the maximum outflow velocities, V max , for the blue and red lobes as the difference between the high end of the velocity range set to integrate the wing emission and the systemic velocity of the source. From these values we calculate dynamical timescale of each outflow lobe as t dyn = r V max assuming that the inclination of the outflow axis with respect to the line of sight is about 45 o as the maps show two distinct blue and red lobes. The average dynamical times obtained from the blue-and red-shifted lobes are on the order of a few thousand years (Table 9) .
Finally, we found no evidence for a bipolar structure around Sgr B2(N4) and Sgr B2(N2). In the case of Sgr B2(N4), the same lines as those investigated in Sgr B2(N3) and Sgr B2(N5) are too weak to show wing emission (see SO lines in Fig. C.4) or they show atypical shapes with blue-shifted wings but without redshifted wings (see OCS lines in Fig. C.4) . The same shape is also observed in the lines of other species not considered as typical tracers of outflows (see Fig. C.5) . It is thus difficult to conclude whether this broad blue-shifted emission in Sgr B2(N4) is due to an outflow or to a fainter component emitting at lower velocity.
Chemical composition
We use Weeds as described in Sect. (b) Distance of the emission peak of the blue/red-shifted lobe compared to the reference position of the hot core. The direction is indicated in parentheses.
(c) Velocity range adopted to integrate the emission from the blue/red-shifted wing.
(d) Maximum outflow velocity of the blue/red-shifted wing calculated as the difference between the high end of the velocity range and V LSR .
(e) Average dynamical time of the outflow, assuming an inclination of 45
• (r/V max ) . tional temperature, and velocity and linewidth are derived as described in Sects. 3.5, 3.6, and 3.7, respectively. All these parameters are listed in Table 11 along with the molecular column densities obtained from our best-fit LTE models toward the three hot cores. Column densities derived for Sgr B2(N2) are also shown for comparison Belloche et al. 2016 Belloche et al. , 2017 Belloche et al. (2016) to obtain the column density of CH 3 CN. The resulting chemical composition of the four hot cores is displayed in Fig. 13a . Figure 13b shows the column densties normalized to the column density of C 2 H 5 CN.
We compute chemical abundances relative to H 2 using the H 2 column densities derived in Sect. 3.2. From the emission lines detected toward Sgr B2(N3), we derived a deconvolved source size of 0.4 (see Sect. 3.5), therefore we use the upper limit on the H 2 column density derived from the SMA map at its original resolution of 0.3 (Table 4 ). This gives us lower limits to the chemical abundances of the molecules detected toward Sgr B2(N3). In the case of Sgr B2(N2) and Sgr B2(N5) we derived deconvolved source sizes >2.0 from the ALMA continuum maps (see Table 2 ), larger than the ALMA angular resolution of 1.6 . For both hot cores, we thus extrapolate the H 2 column density obtained at the ALMA angular resolution (Table 4) to the more compact region where the molecular emission comes from (∼1.2 and 1.0 for Sgr B2(N2) and Sgr B2(N5) respectively, see Sect. 3.5). We assume spherical symmetry and a density profile proportional to r −1.5 , which implies a column density scaling with r −0.5 . Finally, the ALMA continuum maps yield an average deconvolved source size of 0.7 for Sgr B2(N4), smaller than the ALMA resolution. Therefore, we correct the H 2 column density obtained for Sgr B2 (N4) Table 12 and used in Fig. 13c to derive chemical abundances. Figure 13 shows that the three new hot cores have similar compositions but differ from Sgr B2(N2). Among the new hot cores, Sgr B2(N3) appears to be closer to Sgr B2(N5) than Sgr B2(N4) in terms of chemical content. Figure 13b shows indeed that Sgr B2(N3) and Sgr B2(N5) have, within a factor of 2, the same abundances relative to C 2 H 5 CN. It is also the case for Sgr B2(N4), except for CH 3 NCO and CH 3 SH, which are more abundant in this source. NH 2 CHO is not detected toward Sgr B2(N4). Relative to H 2 , Sgr B2(N4) has COM abundances A&A proofs: manuscript no. Detection_hot_cores_SgrB2 Fig. 13 . a Column densities of various molecules detected toward four of the five hot cores embedded in Sgr B2(N) (see Table 11 ). b Column densities normalized to the column density of C 2 H 5 CN. c Chemical abundances with respect to H 2 . In each panel, lower and upper limits are indicated with arrows.
roughly one order of magnitude below that of Sgr B2(N5), while Sgr B2(N2) and Sgr B2(N3) lie roughly one order of magnitude above (Fig. 13c) . C 2 H 5 CN and NH 2 CHO are in particular much more abundant in Sgr B2(N2).
Discussion
Discovery of three new hot cores in Sgr B2(N)
In Sect. 3.1 we presented the detection of three new hot cores in Sgr B2(N), which we called Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5), based on the detection of high spectral line density regions in Fig. 1 , for a beam size of 1.8 × 1.3 , which is about 3 times higher than our result. This difference results from the dust mass opacity coefficient they assumed (κ 98.8GHz = 4.3×10 −3 cm 2 g −1 ), ∼1.3 times smaller than the value we derive for this frequency based on our combined analysis of the ALMA and SMA data sets. In addition, they assumed that all the continuum emission is due to dust while we took into account the contribution of the free-free emission. This results in an additional factor ∼2 on the H 2 column density. From the flux density measured toward Sgr B2(N2) in the SMA map at its original resolution we Qin et al. (2011) calculated an H 2 column density of 1.5×10 25 cm −2 toward Sgr B2(N2). They used the same dust temperature, but they assumed optically thin emission and a dust mass opacity coefficient κ 343GHz = 6.8×10 −3 cm 2 g −1 that is 3.8 times smaller than the value we obtain at this frequency from our combined ALMA/SMA analysis. In addition, we derived a dust opacity of 0.61 for Sgr B2(N2) in the original SMA map (see Table 3 ), which implies that they underestimated the column density by a factor ∼1.3. The two effects explain the factor ∼3 difference between the two studies. Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5) are associated with 6.7 GHz methanol masers (see Fig. 1 ). Indeed, column 8 of Table 1 shows that within the uncertainties, the peak positions of line density of the three hot cores are consistent with the positions of the class II methanol masers reported in Sgr B2(N) by Caswell (1996) . The 6.7 GHz methanol transition is the strongest and most widespread of the class II methanol masers (Menten 1993) . It is known to be one of the best tracers of star formation and thought to be associated exclusively with regions forming high-mass stars (Minier et al. 2003; Xu et al. 2008) . Indeed for a methanol transition to exhibit maser emission, both suitable physical conditions and a sufficient abundance of methanol are required. Sobolev et al. (1997) showed that pumping requires dust temperature > 150 K, high methanol column densities (> 2×10 15 cm −2 ), and moderate densities (n H < 10 8 cm −3 ) to excite the 6.7 GHz methanol maser transition. For these reasons low mass stars are not expected to produce class II methanol masers and indeed such masers have not been detected toward regions forming low-mass stars so far (see, e.g., Pandian et al. 2008) . The specific conditions for masers to exist make them powerful probes of high-mass star formation sites and confirm the nature of the new hot cores discovered in Sgr B2(N).
Methanol masers can also allow us to assess the evolutionary stages of these new sources as they are thought to trace evolutionary stages from the IR dark cloud (Pillai et al. 2006) to the UCHII phase. Urquhart et al. (2014) proposed an evolutionary sequence for high-mass star formation in which methanol masers and HII regions trace two different phases, with the masers probing an earlier stage in the high-mass star formation process. Walsh et al. (1997) showed that methanol maser emission is detectable before radio continuum emission, that is before the formation of UCHII regions. The masers are thought to be associated with deeply embedded high-mass protostars not evolved enough to ionize the surrounding gas and produce a detectable HII region. The maser emission remains active after first, a hyper and then an ultra compact HII region has formed around the star for a significant portion of the UCHII phase, during which the methanol molecules are shielded from the central UV radiation by the warm dust in the UCHII region's slowly expanding molecular envelope whose emission also provides its mid-IR pumping photons. Finally, the maser emission stops as the UCHII region expands. This picture is supported by recent radio observations with the greatly increased sensitivity of the newly expanded Karl G. Jansky Very Large Array (JVLA). Hu et al. (2016) find radio continuum emission in the vicinity of a third of their sample of 372 methanol masers. This is a significantly higher percentage than found by Walsh et al. (1998) with the Australia Compact Array (ATCA), which is due to the fact that the new JVLA images are ∼ 20 times deeper; ie., have a typical rms noise level 45 µ Jy beam −1 at 4-8 GHz compared to the ∼ 1 mJy beam −1 (at 8.64 GHz) of the Walsh et al. ATCA data. Most likely, at the JVLA's higher sensitivity, one is able to detect the emission from hypercompact HII regions surrounding the still accreting protostar exciting the masers (Keto 2007) . Due to such regions' compactness, their radio emission is very weak. However, an increasing number of such objects is now being detected with the JVLA (Rosero et al. 2016; Hu et al. 2016) . van der Walt (2005) estimated the lifetime of class II methanol masers between 2.5 × 10 4 and 4.5 × 10 4 yr (depending on the assumed IMF). After this period the HII region then exists without the maser emission. These last considerations suggest that Sgr B2(N1) and Sgr B2(N2) are already more evolved than the new hot cores for which the maser emission still exists. Among them, Sgr B2(N5) is associated with both a UCHII region and a class II methanol maser, which might suggest that it is in a phase between Sgr B2(N3)/Sgr B2(N4) and Sgr B2(N1)/Sgr B2(N2), when a UCHII region has formed and coexists with maser emission.
Chemical composition of the new hot cores
Another way to assess the evolutionary stages of the hot cores is to compare their chemical compositions. Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5) have spectral line densities of 31, 11, and 22 lines per GHz above 7σ, respectively (see Sect. 3.3), much lower than the two main hot cores Sgr B2(N1) and Sgr B2(N2). Our LTE model allowed us to identify about 91%, 89%, and 93% of the lines detected above 7σ that have been assigned to 22, 23, and 25 main species, respectively (see Table 5 ). This is much less than the 52 species identified so far toward Sgr B2(N2) based on the EMoCA survey (Belloche, priv. comm.) . Although Sgr B2(N3) has the highest spectral line density among the new hot cores, Sgr B2(N5) contains the largest number of identified molecules. However fewer isotopologs and A&A proofs: manuscript no. Detection_hot_cores_SgrB2 Table 11 . Parameters of our best-fit LTE model.
Source
Species (a) Sizes for which the new H 2 column densities are calculated as described in Sect. 3.8.
(b) H 2 column density calculated for the size indicated in the previous column. This value is used in Fig. 13 to plot chemical abundances relative to H 2 .
(c) Mean particule density calcu-
, with µ = 2.37 the mean molecular weight per free particule (Kauffmann et al. 2008 ).
shows a low spectral line density and less species have been identified toward this source. Most of the remaining unidentified lines are thought to belong to vibrationally excited states of already known molecules for which the spectroscopic predictions are still missing (Belloche et al. 2013 ), but the presence of new molecules in the ALMA spectra is not excluded.
In order to assess whether the differences reported above are real or sensitivity limited, we need to compare in more details the chemical content of the three new hot cores. In Sect. 3.8, we reported the chemical abundances of (complex) organic molecules detected toward the new hot cores plus Sgr B2(N2) (Fig. 13) . Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5) have a similar chemical composition but differ from Sgr B2(N2). According to our chemical model presented in Fig. 3 of Belloche et al. (2014) , the chemical abundance of C 2 H 5 CN in the gas phase after sublimation is expected to decrease with time while the abundance of C 2 H 3 CN increases. The abundance of CH 3 CN is also expected to increase with time after sublimation. Table 13 and Fig. 13 show that Sgr B2(N2) has the lowest ratios of [C 2 H 3 CN]/[C 2 H 5 CN] and [CH 3 CN]/[C 2 H 5 CN] among the four hot cores, which could suggest that it is less evolved than the three new hot cores. According to our chemical model presented in Fig. 5 of Belloche et al. (2017) , the chemical abundances of CH 3 NCO and HNCO in the gas phase are also expected to increase with time after sublimation. Sgr B2(N2) also shows low [CH 3 NCO]/[C 2 H 5 CN] and [HNCO]/[C 2 H 5 CN] ratios, consistent with the hypothesis made above. However, all these ratios involve C 2 H 5 CN in the denominator, which may dominate the general trend discussed above. A deeper analysis involving ratios of various molecules will be necessary to constrain the evolutionary stages of Sgr B2(N)'s hot cores from their chemistry in a more reliable way, especially because the conclusion drawn here that Sgr B2(N2) appears chemically younger than the three new hot cores is in contradiction with the conclusion drawn in Sect. 4.1 from the associations of the hot cores with methanol masers and/or UCHII regions (see discussion in Sect. 4.4, however) .
One should also note that the chemical timescales of molecules within any single model may not relate directly to the dynamical age of the source, as pointed out by Garrod et al. (2008) . This may be exacerbated by the physical differences between the sources, which will also affect the chemical timescales. Only a more explicit and individualized treatment of the time-and space-dependent chemistry in each source is likely to give an accurate explanation for the observed chemical differences. In Sect. 3.4 we investigated the spatial distribution of the molecules detected toward the three new hot cores. Most of the identified species show compact emission with emission peaks within distances of ∼0.3 , 0.6 , and 0.4 of the positions of Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5), respectively (see Fig. 6 ). This led us to define the reference position of each hot cores as the position where their spectral line density peaks (Sect. 3.1). Within the uncertainties the emission peak of most species is consistent with this position. Only three molecules, SO, HC 3 N, and CH 3 CCH, show significant offsets between their emission peaks and the position of Sgr B2(N3). The transitions of SO detected toward Sgr B2(N3) have an emission peak located ∼0.5 South-West of the hot core on average ( Fig. 6a and top row of Fig. 12 ). Figures 14a,b present the integrated intensity maps of two vibrational ground state transitions of CH 3 CCH and HC 3 N. They both show the same elongated shape as the SO maps. In both cases the peak positions of the emission given by the 2D-Gaussian fit to the map is shifted beyond 0.5 from the hot core position, due to this extended emission. On the contrary, transitions from within the first vibrationally excited state of HC 3 N have a compact emission that peaks at a position consistent with the position of Sgr B2(N3). The 7 =1 transitions of HC 3 N thus trace the hot core better than the = 0 transitions. The nature of the extended emission traced by the = 0 transitions of HC 3 N, SO, and CH 3 CCH is unclear. It may be related to the outflow that is seen along the same direction (Fig. 12) .
Physical properties of the new hot cores
In Sects. 3.5, 3.6, and 3.7, we presented basic physical properties of the three new hot cores discovered in Sgr B2(N). They show similarities with one of the already known hot cores, Sgr B2(N2). All of them have kinetic temperatures of ∼140-180 K. Their spectra show narrow lines with typical linewidth of ∼5 km s −1 similar to the values derived by Belloche et al. (2016) for Sgr B2(N2), ranging from 4.7 to 6.5 km s −1 . Sgr B2(N4) and Sgr B2(N5) have mean molecular emission sizes of ∼1.0 , which is slightly smaller than the size of Sgr B2(N2) (∼1.2 , with values ranging between 0.8 and 1.5 ; Belloche et al. 2016 Belloche et al. , 2017 . Sgr B2(N3) is more compact, with a molecular emission size of 0.4 .
In Table 11 we presented the parameters of our best fit models for ten molecules. For each hot core we have decided to adopt the mean angular size derived from the transitions showing resolved emission. As the hot cores appear to be resolved for only few species (especially Sgr B2(N3) for which transitions from only two species could be used to derive the source size, see Table 7 ), we decided to use a single source size for each hot core to model all molecules. One has to keep in mind this last consideration while comparing the chemical composition of the hot cores in Section 3.8 because the column densities derived Article number, page 17 of 25 A&A proofs: manuscript no. Detection_hot_cores_SgrB2 from the model strongly depend on the adopted source size. For instance, we used a source size of 1.0 to model the spectrum toward Sgr B2 (N5), although the results of the 2D-Gaussian fit to the integrated intensity maps of C 2 H 5 CN transitions suggest an average emission size of ∼0.5 for this molecule (see Table  7 ). The column density of C 2 H 5 CN in Sgr B2(N5) might thus be underestimated.
In Sect. 3.7 we highlighted bipolar structures in the integrated intensity maps of the wings of typical outflow tracers. The North-South velocity gradient observed toward Sgr B2(N3) in the maps of two SO lines and the OCS(8-7) transition most probably suggests the presence of an outflow (Fig. 12) . The SO(2 3 -1 2 ) and CS(2-1) transitions investigated toward Sgr B2(N5) show a clear bipolar structure also suggesting the presence of an outflow. However, what the other transitions of SO trace toward this source is less clear. Nevertheless our interpretation that Sgr B2(N3) and Sgr B2(N5) drive outflows is reinforced by the fact that H 2 O maser emission is found in the close vicinity of both sources (McGrath et al. 2004 , see also Fig. C.6) . Higuchi et al. (2015) have recently reported the presence of a bipolar molecular outflow in the East-West direction in Sgr B2(N1), on the basis of the SiO(2-1) and SO 2 (12 4,8 -13 3,11 ) transitions in the same data set used here. They derived an average dynamical time of ∼5 × 10 3 years, similar to our results for Sgr B2(N3) and Sgr B2(N5)(∼ 3 × 10 3 yr). The fact that no outflow has been detected toward Sgr B2(N4) does not necessarily mean a real lack of outflow motion but instead it might reflect the youth of the source compared to the others. The outflow structure in this case might be too small to be detected at the resolution of our ALMA survey. Codella et al. (2004) explored the possibility of using molecular outflows to estimate the age of the associated source. They investigated a large survey of outflows toward UCHII regions. They proposed an evolutionary scheme for regions forming highmass stars in which class II methanol masers appear before an outflow is detectable, then both coexist in the same phase before the maser switches off as the UCHII region expands. For these reasons, the fact that no outflow has been detected toward Sgr B2(N2) might suggest that it is more evolved than the other cores because a UCHII region is already detected in the source and no class II methanol maser has been reported. However, this hypothesis is in contradiction with the conclusion derived from the comparison of the chemical composition of Sgr B2(N2) and the three new hot cores. An alternative explanation could be that there are two sources in Sgr B2(N2). Indeed, there is an offset of 0.43 (∼3600 au) between the position of peak line density and the position of the UCHII region, K7 (see Fig. 1 and Table 1) . A similar situation occurs in the star-forming region W51e2 at a distance of 5.4 kpc. This source contains two objects separated by 0.8 , a hypercompact HII region, W51e2-W, and a hot molecular core, W51e2-E (Shi et al. 2010; Ginsburg 2017) . At the distance of Sgr B2(N), these two objects would have a separation of 0.5 , similar to the offset seen between K7 and Sgr B2(N2). Observations at higher angular resolution with ALMA will be necessary to test this scenario.
Star formation timescales and evolutionary sequence in Sgr B2(N)
In a previous analysis of Sgr B2(N), Belloche et al. (2013) used the UCHII regions reported by Gaume et al. (1995) to estimate a star formation rate of 0.028-0.039 M yr −1 averaged over 10 5 years for the whole Sgr B2 complex. We assume a constant star formation rate to estimate the lifetime of Sgr B2(N)'s hot cores.
Combining the results of Gaume et al. (1995) and De Pree et al. (2015) , we count ten HII regions within the ALMA primary beam centered between Sgr B2(N1) and Sgr B2(N2) (see Fig. 2 ). Eight of these sources are UCHII regions. Only five hot cores are detected in the same area. Considering a lifetime of ∼10 5 yr for the UCHII regions (Peters et al. 2010 ), we estimate a lifetime of 10 5 × 5 8 ∼6×10 4 yr for Sgr B2(N)'s hot cores. In the same way we derive a statistical lifetime of about 4×10 4 yr for the class II 6.7 GHz methanol masers detected in this area, which is, given the low number statistics of the Sgr B2(N) region, surprisingly consistent with the lifetime derived by van der Walt (2005) for class II methanol masers (2.5×10 4 to 4.5×10 4 yr). Based on Fig. 5 of Codella et al. (2004) and the statistical lifetimes calculated above, we propose in Fig. 15 an evolutionary sequence of the hot cores embedded in Sgr B2(N). Among the three new hot cores, Sgr B2(N5) would be the most evolved one because it is associated with both an outflow and a class II methanol maser, and has already entered the UCHII phase. Sgr B2(N4) appears like the youngest core because it is only associated with class II methanol maser emission. With an associated methanol maser and a detected outflow but no associated UCHII region, Sgr B2(N3) would be in-between. As mentioned in Sect. 3.8, the status of Sgr B2(N2) is unclear. Its association with a UCHII region but no methanol maser and no outflow would suggest that it is more evolved than the new hot cores, but its chemical composition seems to suggest the opposite. As discussed in Sect. 4.4, one reason for this apparent contradiction could be that Sgr B2(N2) actually contains two distinct sources, one associated with the UCHII region K7, and therefore more evolved than all the other hot cores, and the other one, the hot core, with a line density peak shifted from K7, and still too young to show outflow emission on the scales probed with ALMA or to harbor a UCHII region.
As shown in Table 2 , the five hot cores detected in Sgr B2(N) have peak column densities that differ by more than one order of magnitude. Therefore, they may form stars of different final masses and our attempt to classify them with a single evolutionary sequence should be considered as tentative only. A deeper analysis of their properties, in particular at higher angular resolution, will be necessary to improve our understanding of their respective evolutionary states.
There is one complication to the evolutionary sequence proposed above: as discussed in Sects. 1.1 and 4.1 of Belloche et al. (2008) and shown here in Fig. C .6, Sgr B2(N1) coincides with the centroid position of a powerful H 2 O maser compact (4 × 2 sized) outflow (Reid et al. 1988 ). For their (collisional) pumping, H 2 O masers require temperatures of ∼400 K and densities of ∼ 10 9 cm −3 , much higher than the values derived in this paper for Sgr B2(N1). These conditions are met in the post shock regions of fast (J) shocks (Elitzur et al. 1989; Hollenbach et al. 2013) . The compact H 2 O maser outflow may originate from a different source than that which drives the UCHII region K2, a situation reminiscent of the archetypical UCHII region W3(OH), which has powerful OH and methanol masers in its expanding envelope (Menten et al. 1992) and is separated by 5 from the multiple hot core W3(OH)-H 2 O (Wyrowski et al. 1999) . Like Sgr B2(N1), the latter drives a powerful bipolar H 2 O maser outflow (Hachisuka et al. 2006 ), but shows no methanol maser emission. We also mention that several H 2 O masers are associated with a faint peak of continuum emission in our ALMA data (see Fig. C.6 ), which also coincides with a region of moderately enhanced spectral line density located ∼3 West of Sgr B2(N5) (Fig. 1 ). This region probably harbors an additional (faint) hot core that is not associated with any UCHII region or class II methanol maser.
Conclusions
We used the 3 mm line survey EMoCA conducted with ALMA in its cylces 0 and 1 to search for new hot cores in the Sgr B2(N) region, taking advantage of the high sensitivity of these observations. We report the discovery of three new hot cores that we called Sgr B2(N3), Sgr B2(N4), and Sgr B2(N5), located at (α J2000 =17 4 yr for the hot core phase in Sgr B2(N).
Given that their peak column densities differ by more than one order of magnitude, the five hot cores may form stars of different final masses. Still, their associations with class II methanol masers, outflows, and/or UCHII regions tentatively suggest the following age sequence from the youngest to the oldest source: Sgr B2(N4), Sgr B2(N3), Sgr B2(N5), Sgr B2(N1). The status of Sgr B2(N2) is puzzling. Its association with a UCHII region but no outflow and no methanol maser suggests that it should be the oldest source in this sequence. However, this contradicts its youth suggested by its chemical composition. An explanation may be that Sgr B2(N2) contains two distinct sources, as suggested by the small angular offset separating its embedded UCHII region from the line density peak of the hot core. Ongoing observations at higher angular resolution with ALMA will help understanding the status of this source.
Notes. Uncertainties in parentheses are given in units of the last digit. They take into account the error on S ν given by the Gaussian fitting procedure and the uncertainty on the free-free correction factor. Results obtained from maps belonging to the frequency range covered by setup 3 are highlighted in grey.
(a) Peak flux density derived from the 2D-Gaussian fit to the continuum map, corrected for the primary beam attenuation and for the free-free contamination.
(b) Peak flux density measured on the SMA map obtained at 343 GHz and smoothed to the resolution of the ALMA map. (b) Noise level measured in the SMA map inside a polygon defined around Sgr B2(N4)'s position as described in Sect. 3.2.2.
(c) Where Sgr B2(N4) is not detected in the ALMA maps, an upper limit to its H 2 column density has been calculated at the 5σ level.
(d) The upper limits correspond to 5σ. 
